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I/O MULTIPLEXER AND PIN CONTROLLER WITH SERIAL 
AND PARALLEL CAPABILITIES FOR MICROPROCESSOR 
BASED ENGINE CONTROL 

5 Technical Field 

The present invention relates generally to 
microprocessor based input/output systems, and more 
particularly to microprocessor based input/output 
systems that transfer I/O signals between system 
10 devices using both serial and parallel signal 
pathways . 

Background Of The Invention 

Current microprocessor based engine control 
systems communicate with a number of system devices. 

15 The engine control systems transfer input and output 
(I/O) signals between system devices using both serial 
and parallel signal pathways. 

Present engine control systems have non- 
selectable signal pathways for the I/O signals that 

20 dedicate I/O signals and pin usage. Therefore, the 
systems have a very inflexible design in terms of I/O 
usage. There is a need for increased versatility of 
I/O signal and pin usage that allows multiplexing of 
alternative I/O signal pathways to device pins. 

2 5 Summary Of The Invention 

It is an object of the present invention to 
serially transfer selected parallel I/O signals to 
other devices while multiplexing alternative I/O 
signal pathways to device pins. 
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It is a further object of the present 
invention to provide an I/O crossover switching 
network, 1.0 shifters, a clock generator, and I/O 
control logic that can sample and serialize selected 
5 parallel I/O signals, synchronously transfer serial 
data, and reconstruct parallel I/O signals from an 
incoming serial data stream, while multiplexing 
alternative parallel I/O signal pathways to device 
pins . 

10 In carrying out the above objects and other 

objects and features of the present invention, an I/O 
crossover switching network, also known as an I/O 
multiplexer, is provided having a plurality of serial 
I/O shifters, a clock generator and I/O control logic 

15 to provide an I/O multiplexer and pin controller with 
serial and parallel capabilities. 

The present invention allows a system 
designer to independently select I/O signals for 
serial transfer and I/O signals for parallel transfer, 

2 0 an advantage of which is more versatile I/O signal 

usage and pin usage. The present invention provides a 
user with the capability to serially transfer selected 
I/O signals with other system devices while using one 
of several different serial timing protocols, which 
25 were designed to accommodate a variety of serial 
device interfaces . 

Other objects and advantages of the present 
invention will become apparent upon reading the 
following detailed description and appended claims, 

3 0 and upon reference to the accompanying drawings. 
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Brief Description Of The Drawings 

For a more complete understanding of this 
invention, reference should now be had to the 
embodiments illustrated in greater detail in the 
5 accompanying drawings and described below by way of 
examples of the invention. In the drawings: 

FIGURE 1 is a block diagram of the I/O 
multiplexer and pin controller of the present 
invention; 

10 FIGURE 2 is an I/O crossover- switching 

network according to one embodiment of the present 
invention; 

FIGURE 3 is an I/O crossover- switching 
network according to another embodiment of the present 
15 invention; 

FIGURE 4 is an example of serialization and 
reconstruction timing according to the present 
invention; 

FIGURE 5 is a serial shift timing example 
2 0 having eight signals; 

FIGURE 6 is a serial shift timing with delay 
after transfer example having eight signals; and 

FIGURE 7 is another embodiment of the 
present invention having high-speed serial shift 
25 timing. 

Detailed Description Of Preferred Embodiments 

Figure 1 is a block diagram of the system 10 
of the present invention. A controller 12 has an I/O 
crossover switching network 14, an optional I/O 
30 network expansion 16, a plurality of serial I/O 
shifters 18, a clock generator 20 and I/O control 
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logic 22. The I/O crossover-switching network 14 is 
also referred to as an I/O multiplexer. Serial data 
may be transferred between a serial I/O shifter and an 
external device by way of a dedicated serial data pin 
5 (SDATA) 24 or an optional alternate pathway 26 which 
uses one of a plurality of parallel pins 28. The 
optional alternate pathway 26 can be used when pins 28 
are unavailable or to reduce the number of pins on the 
device 12 . 

10 The controller is shown to communicate with 

an external device 30 also having parallel pins 32. 
While a single device 3 0 is shown, the external device 
3 0 can be any number of a plurality of devices having 
serial and parallel signal pathways that is controlled 

15 by the microprocessor 10 of the present invention. 

One embodiment of the I/O crossover- 
switching network 14 is shown in detail in Figure 2 . 
The network 14 typically has a plurality of orthogonal 
input/output signal channels. However, for purposes 

20 of simplified presentation, Figure 2 depicts a single 
I/O channel 40. The I/O channel 40 has a primary 
signal pathway 42, a secondary signal pathway 44, and 
an optional signal pathway 46. This allows a user to 
select either of the two signal pathways 42 or 44 

25 respectively for connection to the serial I/O shifters 
(18 in Figure 1) . Either the primary signal pathway 
42 or an optional signal pathway 46 can be selected 
for connection to a device pin (28 in Figure 1) . 

The primary signal pathway 42 cannot be 

3 0 connected to the serial I/O shifter and a device pin 
at the same time. The selection is made by way of a 
bit control 48. Bit control 48 is a bit that selects 
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whether the primary signal will be sent serially or in 
parallel. If the primary signal is sent serially, 
then the optional pathway is used to connect to the 
parallel pin. If the primary signal is sent in 
parallel, the secondary pathway will be used to 

connect to serially. 

Another embodiment of the I/O crossover - 
switching network 5 0 is shown in Figure 3. Please 
note that in Figure 3, like reference numbers denote 
like elements as shown in Figure 2. The optional I/O 
network expansion 16 provides an additional optional 
signal pathway 52. There are three signal pathways 
available for connection to the serial I/O shifters 
42, 44, 46 (18 in Figure 1) and four signal pathways 
42, 44, 46, and 52 available for connection to the pin 
28. Bit control 53 and 54 is provided in the 
embodiment shown in Figure 3 . 

The controller 12 has at least one serial 
I/O shifter 18, as shown in Figure 1. Each shifter 18 
20 can be configured as either a serial input shifter or 
a serial output shifter. As a serial input shifter, 
the device 18 can reconstruct, or deserialize, an 
incoming serial I/O data stream into parallel I/O 
signals. As a serial output shifter, the device 18 
can serialize selected parallel I/O signals into a 
serial I/O data stream for output to the external 
device 30. The selection as to the direction of each 
shifter may be chosen by way of a software 

implementation. 

According to the present invention, each 
shifter 18 is «n" bits wide. Each bit is associated 
th one parallel I/O signal as selected by the user 
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through the I/O crossover- switching network 14. The 
state (1 or 0) of each bit denotes the signal level 
(high or low respectively) of the associated l/O 
signal . 

5 Once enabled, the operation of each shifter 

is continuous and cyclic. Referring now to Figures 5 
and 6, each new cycle of the serial I/O data stream 
begins and the previous cycle ends on the first edge 
of a latch pulse, SLATCH. The most significant bit 

10 (MSB) , bit w n" , is the first bit shifted in and out of 
a serial I/O shifter 18, with the remaining bits 
shifted in and out in descending order to bit 0, which 
is the least significant bit (LSB) . 

In the example shown in Figure 5, a single 

15 serial clock signal, SCLK, and a single serial latch 
pulse, SLATCH, are used for all of the serial I/O 
shifters in order to reduce the number of pins 
required for serial operations. It should be noted 
however, that it is possible to include more than one 

2 0 serial clock signal and more than one serial latch 
signal for individual serial I/O shifters as well as 
for groups of serial I/O shifters. The shifters can 
operate with a serial clock signal and a serial latch 
signal that is generated internally by the clock 

2 5 generator 2 0 shown in Figure 1, or they may be 
received from an external source, not shown. 

The signal pathways can be designated from a 
software register (not shown) or from a waveform 
generator (not shown) . As discussed above, the 

30 network 14 can contain any number of channels. 
However, it is preferred that the basic arrangement of 
each channel is the same. For example, a network 
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should have all channels having the configuration of 
either Figure 2 or Figure 3. Also, depending on the 
direction of the I/O signals, the pin and the serial 
I/O shifters can be used as input, output, or bi- 
5 directional. For example, the pin may be bi- 

directional while the shifter is used as an input or 
an output . 

Software is responsible for the control of 
each serial I/O shifter. Each shifter can be enabled 

10 or disabled any time through software commands. 
However, the operation of all of the serial I/O 
shifters is synchronized to their respective SCLK and 
SLATCH signals. As a result, when more than one 
shifter is associated with a single clock and latch 

15 signal, data of all of the serial I/O shifters related 
to that particular SCLK signal and a SLATCH signal are 
serialized and deserialized in parallel. 

The operation of the serial I/O shifters 
becomes transparent to the software, and once the 

2 0 shifters are enabled, their operation is autonomous. 

Therefore, to the software, the parallel pins of the 
external device appear as a typical software parallel 
port , 

Referring now to Figure 4, the serialization 
25 process will be described. Selected parallel I/O 
signals 60 (i.e. signals 1 through n) are sampled 62 
by the serial I/O shifter on the first edge 64 of the 
SLATCH signal. Thereafter, the bits of the data 
stream are serially transferred from the I/O 

3 0 multiplexer/controller 12 to the external device 3 0 at 

the rate of one bit per SCLK cycle through SDATA 24 or 
another optional path (not shown in Figure 4, but 
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labeled 26 in Figure 1) . Once all "n" bits have been 
clocked into the external device, the SLATCH signal is 
asserted to enable the external device 3 0 to output 
the data as parallel I/O signals. Then the serial I/O 
5 data stream cycle repeats. 

The resolution of the parallel I/O signals 
at the output of the external device 3 0 is dependent 
upon the number of data bits serially transferred, the 
frequency of SCLK, and the assertion 64 of SLATCH. It 

10 should be noted that reconstruction 66 of the serial 
I/O data at the parallel outputs 32 of the external 
device 3 0 occurs on the assertion of SLATCH. 
Therefore, the resolution can be calculated using the 
frequency of SLATCH. The sampling rate of a typical 

15 serial I/O shifter is twice the speed of the system 
clock. 

Deserialization is also discussed with 
reference to Figure 4. Parallel reconstruction of the 
serial I/O data stream begins on the assertion 64 of 

20 SLATCH to the external device 30. Thereafter, serial 
I/O data from the external device is clocked into the 
serial I/O shifter at the rate of one bit per SCLK 
cycle. Once all w n" bits of the serial I/O data 
stream have been clocked into the shifter by way of 

25 SDATA 24, or another alternate path, the shifter 
reconstructs the serial data into parallel I/O 
signals. The parallel I/O signals are then output to 
the I/O crossover- switching network. At the same 
time, SLATCH is asserted to the external device for 

3 0 the next serial transfer. The maximum resolution of 
the reconstructed parallel I/O signals is determined 
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by the number of bits serially transferred, clock 
speed, and the assertion of SLATCH. 

Referring again to Figure 1, the clock 
generator 20 will output the serial clock signal and 
5 the associated latch signal. The clock signal SCLK is 
used to clock the serial data transferred between the 
serial I/O shifters and the external devices. The 
latch signal SLATCH is used to delimit the n-bit 
boundaries in the serial data stream. 
10 To accommodate a large variety of off-the- 

shelf serial device interface timing protocols, the 
clock and latch signals SCLK and SLATCH are also 

available as inverted signals, SCLK and SLATCH . The 
frequency of the clock signal is selectable and the 

15 output of SLATCH can be delayed, as shown in Figure 6. 
In the example shown in Figure 6, n=8 and the latch 
signal is delayed by a fraction of the clock signal, 
SCLK. The delay after transfer is basically a 

predetermined delay, i.e. 2 SCLK, between consecutive 

2 0 serial data streams. This feature may be necessary 
for some external devices that require additional 
setup or hold time to latch the serial data in 
parallel form, or vice versa. 

The data can be clocked and latched on any 

2 5 edge or level of SCLK and SLATCH according to the 

connection of the external device to the SCLK, SCLK , 

SLATCH , or SLATCH . signals . It should be noted that 
SCLK and the number of serial bits in the serial I/O 
data stream determine the serial transfer rate, i.e., 
30 baud rate (bits per second) , of the serial I/O 
shifters . 
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Figure 7 depicts another embodiment 70 of 
the present invention that has high-speed serial shift 
timing of the I/O multiplexer/controller . The fastest 
possible serial I/O transfer rate attainable is by 
5 clocking serial data out of the serial I/O shifter (or 
external device) on one edge 72 of SCLK and then 
clocking it into the external device (or serial I/O 
shifter) on the following edge of SCLK. S LATCH is 
asserted for one SCLK cycle, and it coincides with the 

10 SCLK cycle for bit u n" , the most significant bit, of 
the serial data stream. The frequency of SCLK is 
typically one-half the frequency of the system clock, 
sysClk. It should be noted that a 50% duty cycle of 
SCLK is not critical for the high-speed serial I/O 

15 operation. 

The invention covers all alternatives, 
modifications, and equivalents, as may be included 
within the spirit and scope of the appended claims. 
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